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The presence of naked nuclei (NN) in cytological preparations of
fibroadenomas is a well-known finding. Regardless of their impor-
tance on the differential diagnosis of fibroadenoma and other
benign lesions of the breast, the origin of NN remains elusive.
Despite previous efforts to characterize them, the lack of a reliable
nuclear marker for myoepithelial cells impaired definitive conclu-
sions. We performed a systematic evaluation of p63 expression in
cytological and histological preparations of 10 fibroadenoma
specimens. We observed that in histological sections, p63 was
restricted to the nuclei of myoepithelial/basal cells in lobules and
ducts of normal breast. In fibroadenomas, p63 decorated the
nuclei of myoepithelial cells in the periphery of epithelial
duct-like formations and slit-like formations. No p63 immuno-
reactivity was observed in stromal or epithelial cells. In cyto-
logical samples, almost all NN and cells surrounding epithelial
cell clusters were stained; no stromal cell admixed with fibril-
lary matrix or epithelial cell was stained with p63. Based on
our findings, we strongly suggest that most, if not all, NN
are myoepithelial in origin. Diagn. Cytopathol. 2002;27:
135–138. © 2002 Wiley-Liss, Inc.
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The presence of naked nuclei (NN) is one of the most
important criteria to support a diagnosis of benign lesion in
fine needle aspiration biopsies (FNABs) of the breast.1,2,3
Generally, the presence of a large number of NN points
toward a diagnosis of benignity. In breast cytology NN are
especially observed in fibroadenomas.1–3
Regardless of their important role in the diagnosis of
benign lesions, the origin of NN remains disputable.4 Most
authors claim that NN derive from myoepithelial cells;5,6,7
however, Tsuchiya et al.,4 based on ultrastructural features,
suggested a stromal origin for these cells. This issue is far
from being resolved, mainly due to methodological diffi-
culties to address the question because no reliable nuclear
myoepithelial cell marker was described until the last year.
P63, a recently characterized p53 homolog, is consis-
tently expressed in basal cells of several types of multilay-
ered epithelia and in myoepithelial cells of the breast and
sweat glands.8,9 It has been shown that p63 also decorates
the nuclei of myoepithelial cells in normal breast lobules
and ducts, as well as in several types of myoepithelial-
derived tumors.9 In a brief assessment of p63 distribution in
cytologic specimens, Barbareschi et al.9 demonstrated that
NN consistently expressed p63. We evaluated the immuno-
reactivity of p63, a novel myoepithelial/basal cell nuclear
immunohistochemical marker, in NNs on cytologic and
histologic samples of fibroadenomas.
Material and Methods
Cytological Samples
Cases of fibroadenomas diagnosed by fine-needle aspiration
biopsy were retrieved from the files of the Pathology De-
partment, Hospital Sa˜o Joa˜o, Porto, Portugal, and IPA-
TIMUP, Porto, Portugal. Only those cases in which alcohol-
fixed Papanicolaou-stained slides and their respective
histological resections were available were included in the
present study.
These cases were independently reviewed by four pathol-
ogists, who searched for the most representative samples
that were defined as: 1) samples that showed high cellular-
ity; 2) were composed of large and branching monolayered
sheets and antler-like papillary fronds of fairly uniform
epithelial cells; 3) fragments of fibromyxoid stroma; 4) a
large quantity of NN. Neither atypical epithelial cells nor
adipocytes and inflammatory cells admixed with stromal
fragments were observed. In only 10 specimens was a
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consensus reached among all pathologists regarding all of
the above-cited criteria. Only these cases were included in
the present study.
Histological Samples
Ten cases of fibroadenoma were formalin-fixed and embed-
ded in paraffin. Four-m histological sections were cut and
routinely stained with H&E. At histological examination, all
cases showed the prototypical histological features of fibro-
adenoma. Serial sections of the most representative areas
were cut at 4 m and mounted on silane-coated slides for
immunohistochemistry.
Immunocytochemistry and Immunohistochemistry
The coverglass of previously Papanicolaou-stained smears
was removed with immersion in xylene for 48 hr. After
washing with tap water, wet bath heat-induced antigen
retrieval was made using Dako Antigen Retrieval Solution
(Dako, Glostrup, Denmark) for 20 min, followed by the
streptavidin-biotin-peroxidase technique using antibodies
raised against p63 (clone 4A4, dilution 1:150; Neomarkers,
Freemont, CA, USA) as described elsewhere.9,10 The for-
malin-fixed, paraffin-embedded breast tissues were immu-
nostained by p63 using the same protocol on cut histological
sections mounted on silane-coated slides. Only cells show-
ing strong and distinctive nuclear immunoreactivity for p63
were considered positive. Cytoplasmic and membranous
staining were considered nonspecific. Positive and negative
controls were included in each staining run.
Results
Histological and Immunohistochemical Analysis
On histological examination, all cases showed the typical
histological appearance of fibroadenomas, including a loose
stromal component, composed of bland spindle-shaped cells
immersed in a variably collagenized fibromyxoid matrix
and an epithelial component composed of two-layered epi-
thelial-myoepithelial ductular structures and slit-like spaces.
In all cases immunohistochemistry showed a rather re-
markable nuclear reactivity for p63 in the nuclei of myoep-
ithelial cells located between epithelial cells and the stromal
component of fibroadenomas (Fig. C-1A). In the adjacent
breast tissue, p63 was also confined to the nuclei of myo-
epithelial/basal cells of breast lobules and ducts (Fig. C-1B).
No p63-positive stromal cells, endothelial cells, or epithelial
cells were observed in any specimens evaluated.
Based on these findings and on those previously reported
by Barbareschi et al.,9 we concluded that p63 was restricted
to the myoepithelial/basal cell component.
Cytological and Immunocytochemical Findings
All samples showed highly cellular smears and were com-
posed of an admixture of cohesive epithelial cell clusters,
fragments of fibromyxoid stroma, isolated cells, and NN.
The epithelial cell clusters and sheets were arranged in
monolayers with either a honeycomb or a antler-horn or
finger-like pattern and consisted of cells with moderate-to-
abundant cytoplasm, well-defined cytoplasmic borders,
round-to-oval nuclei, with discrete nucleoli. Oval-to-spin-
dle-shaped cells with ill-defined cytoplasm and dark-stained
nuclei were arranged on the periphery of epithelial cell
clusters. Fragments of fibromyxoid stroma composed of
spindle-shaped cells with hardly discernible cytoplasm im-
mersed in a pink or blue-gray fibrillary matrix were seen in
all cases. A variable number of isolated cells with oval
nuclei and a sparse-to-moderate oval-to-spindle-shaped cy-
toplasm were observed. Small cells with oval naked nuclei
were seen lying free in the background between epithelial
cell clusters and fragments of fibromyxoid stroma.
In accordance with the immunohistochemical findings,
immunocytochemistry with p63 antibody highlighted the
nuclei of two distinct cell populations: 1) all of the oval-to-
spindle-shaped cells with dark nuclei on epithelial cell clus-
ters (Fig. C-2A), and 2) all of the naked nuclei observed in
the background of the smears (Fig. C-2B and inset). No
immunoreactivity for p63 was observed in cells admixed
with fibrillary matrix of fibromyxoid stroma or in those
isolated cells with oval nuclei and sparse-to-moderate cy-
toplasm. Concordant results were observed in all specimens.
In accordance with histological and immunohistochemi-
cal findings, as well as based on the cytomorphological
appearance of the p63-postive cells, we concluded that these
cells were of myoepithelial origin.
Discussion
p63, a p53 homolog, is a protein necessary for the mainte-
nance of a basal compartment of several multilayered epi-
thelia.8,9 The TP63 gene, located on 3q27, encodes six
different subtypes of transcripts, three with transactivating
(TA-p63) properties and three truncated isoforms (DN-
p63).8,9 While TA-p63 is able to transactivate p53 reporter
genes, DN-p63 act as a dominant negative for them.8,9
Interestingly, p63 does not seem to be a tumor-suppressor
gene; indeed, p63 germline mutations are associated with
limb-mammary syndrome, Hay-Wells syndrome, and ectro-
dactily, ectodermal dysplasia, and facial clefts (EEC) syn-
drome.8,9 p63 knockout mice show severe defects in epithe-
lial development and cranial structures; interestingly,
mammary glands are lacking in these mice, demonstrating
the importance of p63 in mammary gland development.8,9
Recently, Barbareschi et al.9 described p63 immunoreactiv-
ity on histological sections in the nuclei of myoepithelial
and basal cells of normal breast, as well as in the myoepi-
thelial component of fibroadenomas, adenomyoepithelio-
mas, adenoid-cystic carcinomas, and in 4.6% of ductal
carcinomas of the breast.9 Moreover, these authors briefly
reported p63 immunoexpression on five cytological samples
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of fibroadenoma.9 In all of them almost all of the NN
showed strong p63 immunoreactivity.9
NN are an important criterion in the diagnosis of fibro-
adenoma,1,2,3 Phyllodes tumor,11,12 fibrocystic mastopathy,1
pseudoangiomatous stromal hyperplasia,13 sclerosing lobu-
lar hyperplasia,14 benign papillary lesions,1,15 papillary ad-
enoma of the nipple,15 gynecomastia,16 and other benign
diseases. Occasionally, they may also be observed in aspi-
rates from breast carcinomas.2,3 The presence of NN is a
well-known diagnostic criterion that indicates the possibil-
ity of a benign lesion; in the series reported by Linsk et al.,2
NN were observed in 25.2% (53 of 210 fibroadenomas), but
only rarely in carcinomas; in contrast, Bottles et al.3 de-
scribed the presence of NN in 91.9% of fibroadenoma
smears, 88.1% of fibrocystic smears, and 20% of ductal
carcinoma smears.
Regardless of their high prevalence in smears of fibroad-
enomas and other benign lesions, the origin of NN is still
disputable.2,4–7 Based on microscopic evaluations, Zajicek
et al.6 and Linsk et al.2 suggested a myoepithelial origin for
these cells, which was corroborated by the ultrastructural
analysis done by Ferguson et al.,7 who also suggested that in
FNAB the extraction process might result in a shearing
between the epithelium and basal lamina, leading to myo-
epithelial cell lysis. On the other hand, Tsuchiya et al.4
suggested that NN were indeed derived from stromal cells,
Fig. C-1. A: p63 immunoexpression in the nuclei of myoepithelial cells of a fibroadenoma. Note that there are no stromal or epithelial cells stained with
this antibody (streptavidin-biotin-peroxidase 200). B: p63 expression in an adjacent breast lobule: only myoepithelial cells show nuclear reactivity for
this antibody (streptavidin-biotin-peroxidase 100).
Fig. C-2. A: Smear of a fibroadenoma showing a typical monolayered cell cluster. Note the distinctive p63 nuclear immunoreactivity in cells with
morphological features compatible with myoepithelial cells (streptavidin-biotin-peroxidase100). B: Medium-power-magnification showing an epithelial-
myoepithelial cell cluster in the center of the field. Note that cells with myoepithelial cell morphology and almost all naked nuclei exhibit distinctive
p63-immunoreactivity (streptavidin-biotin-peroxidase200). Inset: Detail of NN with strong p63-immunoreactivity (streptavidin-biotin-peroxidase400).
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based on the lack of ATPase expression (a putative myo-
epithelial marker) and on the presence of ultrastructural
features that are characteristically observed in stromal cells,
such as abundant rough endoplasmic reticulum, numerous
ribosomes, and lack of cytoplasmic filaments and dense
bodies.4 Interestingly, Tsuchiya et al.4 adopted a rather
surprising criteria to define NN; these authors stated that
there were two types of NN: 1) round, darkly stained nuclei
with compact chromatin and no cytoplasm; and 2) oval
nuclei with a sparse-to-moderate cytoplasm. It should be
stressed that the second type was the only type evaluated in
the study performed by Tsuchiya et al.4 In addition, those
authors also state that cells with round, darkly stained nuclei
with compact chromatin remained with an uncertain histo-
genesis, since neither ATPase cytoplasmic immunoreactiv-
ity nor ultrastructural studies could provide insight on their
origin.4 In our view, only cells of the first type are true NN,
because cells of the second type show a small but distinctive
cytoplasm.
Recently, this difficulty in the definition of NN origin has
been overcome. Barbareschi et al.9 described p63 immuno-
reactivity in the nuclei of myoepithelial cells in normal
breast, benign lesions, and malignant tumors with myoepi-
thelial histogenesis. Moreover, they briefly illustrated that
almost all NN were p63 immunoreactive.9 We expanded
this observation in our 10 cases of fibroadenomas, in which
p63 decorated nuclei of myoepithelial cells and failed to
stain stromal cells on histological sections. Moreover, our
cytological findings are in total agreement with those re-
ported by Barbareschi et al.,9 who reported intense p63
immunoreactivity in NN and in a subset of cells surrounding
the epithelial cell clusters in cytoplasmic preparations of
fibroadenoma.
Based on our results and those previously reported,9 we
strongly suggest that in fibroadenoma samples the majority
of NN, defined as oval-to-spindle-shaped cells without any
discernible cytoplasm, show a myoepithelial origin. Thus,
they might be included within the major criteria to diagnose
benign breast lesions. Moreover, p63 seems to be an effi-
cient ancillary method to identify myoepithelial cells and
might play a major role in the identification of these cells in
sparsely cellular or dubious cases. Further studies are war-
ranted to evaluate the diagnostic and prognostic implica-
tions of p63 in a large series of aspirates from breast lesions.
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